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Description 

1  .  Field  of  the  Invention: 

The  present  invention  relates  to  an  electrophoto- 
graphic  recording  apparatus  such  as  an  electrophoto- 
graphic  printer  or  an  electronic  copier. 

2.  Description  of  the  Related  Art: 

An  electrophotographic  recording  apparatus  has  a 
photosensitive  drum.  The  surface  of  the  photosensitive 
drum  is  first  subjected  to  an  electrostatic  charge,  then 
light  is  selectively  given  to  the  surface  of  the  photosen- 
sitive  drum  by  an  exposure  machine,  thereby  forming 
an  electrostatic  latent  image  thereon.  The  electrostatic 
latent  image  is  developed  when  a  developing  machine 
supplies  toner  onto  the  surface  of  the  photosensitive 
drum.  When  a  medium  such  as  paper,  etc.  is  passed 
between  the  photosensitive  drum  and  the  developing 
machine,  toner  is  attracted  toward  the  medium  from  the 
photosensitive  drum  to  be  transferred  onto  the  medium, 
thereby  performing  printing. 

Fig.  2  is  a  view  for  explaining  a  transfer  process.  In 
the  same  figure,  an  electrostatic  latent  image  formed  on 
a  photosensitive  drum  11  is  developed  by  a  developing 
machine  1  2.  A  developed  toner  image  is  transferred  on- 
to  a  printing  medium  1  5  by  a  transfer  roller  1  3,  which  is 
subjected  to  an  electrostatic  charge  by  a  transfer  power 
source  1  4,  so  that  the  toner  image  is  formed  on  the  print- 
ing  medium  15.  A  toner  16  on  the  printing  medium  15  is 
thereafter  fixed  to  the  printing  medium  15  by  a  fixing  ma- 
chine,  not  shown. 

Inasmuch  as  transfer  efficiency  of  the  toner  16  from 
the  photosensitive  drum  1  1  onto  the  printing  medium  1  5 
is  varied  according  to  conditions  at  the  time  of  transfer 
such  as  size  of  the  medium,  thickness  of  the  medium, 
atmospheric  humidity,  and  atmospheric  temperature,  it 
is  necessary  to  change  a  voltage  value  to  be  applied 
from  the  transfer  power  source  14  to  the  transfer  roller 
1  3  (hereinafter  referred  to  as  transfer  voltage)  in  accord- 
ance  with  these  conditions. 

For  example,  an  envelope  needs  higher  transfer 
voltage  than  a  cut  sheet  of  A4-size  since  the  former  is 
narrower  and  thicker  than  the  latter. 

EP-A-0520819  describes  an  electrophotographic 
printer  which  includes  an  arrangement  for  measuring 
the  resistance  of  a  transfer  roller  in  a  two  stage  process. 
The  first  stage  provides  an  approximate  value  of  the  re- 
sistance  of  the  transfer  roller  while  the  printer  is  warming 
up  and  the  second  stage  generates  an  accurate  value, 
given  the  approximate  value  generated  in  the  first  stage, 
immediately  prior  to  printing.  The  second  stage  of  re- 
sistance  measurement  may  also  account  for  the  resist- 
ance  of  the  transfer  medium  in  addition  to  the  resistance 
of  the  transfer  roller. 

EP-A-0404079  describes  an  electrophotographic 
printer  in  which  the  transfer  roller  comprises  a  double 

oxide  (e.g.  solid  solution  compounds  containing  zinc  ox- 
ide  and  aluminium  oxide)  in  an  elastic  member  for  the 
purpose  of  providing  semiconductivity.  The  printer  also 
includes  a  constant  voltage  control  and  a  constant  cur- 

5  rent  control  which  are  used  to  supply  electric  power  to 
the  transfer  roller  at  different  stages  in  the  printing  proc- 
ess,  at  least  one  of  which  stages  takes  account  of  the 
resistance  of  the  transfer  material  to  some  extent. 

It  is  an  object  of  the  invention  to  detect  a  value  cor- 
10  responding  to  a  resistance  value  of  a  print  medium 

which  is  inserted  between  the  photosensitive  drum  and 
the  developing  machine,  thereby  obtaining  a  desired 
transfer  voltage. 

It  is  another  object  of  the  invention  to  detect  the  re- 
's  sistance  value  of  the  print  medium  by  a  high  voltage 

power  supply  circuit  per  se  for  applying  the  transfer  volt- 
age  to  a  transfer  roller,  thereby  obtaining  a  desired 
transfer  voltage. 

It  is  still  another  object  of  the  invention  to  estimate 
20  the  resistance  value  of  the  print  medium  to  thereby  ob- 

tain  a  desired  transfer  voltage  even  in  case  that  the  re- 
sistance  value  is  not  directly  measured  because  of  in- 
stability  of  current  supplied  from  the  high  voltage  power 
supply  circuit  to  the  print  medium. 

25  According  to  a  first  aspect  of  the  present  invention 
there  is  provided  an  electrophotographic  recording  ap- 
paratus  including  a  photosensitive  drum  and  a  transfer 
roller  confronting  said  photosensitive  drum,  said  elec- 
trophotographic  recording  apparatus  further  compris- 

30  ing: 

a  high-voltage  power-supply  circuit  for  applying  a 
transfer  voltage  to  said  transfer  roller,  the  high-volt- 
age  power-supply  circuit  including  a  transformer, 

35  which  includes  a  primary  coil  with  a  first  number  of 
turns  and  a  secondary  coil  with  a  second  number 
of  turns  larger  than  the  first  number  of  turns,  capac- 
itor  means  connected  to  the  primary  coil  inc  parallel, 
and  a  switching  element  connected  to  the  primary 

40  coil  in  series;  and 
a  control  circuit  arranged  to  receive  information  of 
said  electrophotographic  recording  apparatus  in- 
cluding  information  of  an  output  current  value  of 
said  high-voltage  power-supply  circuit,  which  infor- 

ms  mation  is  used  to  obtain  a  resistance  value  of  a  print 
medium,  and  to  control  a  voltage  value  output  from 
said  high-voltage  power-supply  circuit; 
wherein  said  control  circuit  calculates  a  value  cor- 
responding  to  a  voltage  value  to  be  applied  to  said 

so  transfer  roller  based  on  a  value  which  is  varied  in 
correspondence  with  a  resistance  value  of  said 
transfer  roller  and  a  resistance  value  of  a  print  me- 
dium  and  outputs  a  control  signal  for  controlling  said 
voltage  value  which  is  supplied  by  said  high-voltage 

55  power-supply  circuit  based  on  the  calculated  value. 

According  to  a  second  aspect  of  the  present  inven- 
tion  there  is  provided  a  method  of  transferring  toner  im- 
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age  in  an  electrophotographic  recording  apparatus 
which  includes  a  photosensitive  drum  and  a  transfer  roll- 
er  confronting  the  photosensitive  drum,  said  method 
comprising: 

a  step  of  measuring  a  resistance  value  Rr  of  said 
transfer  roller  before  a  print  medium  is  introduced 
into  said  electrophotographic  recording  apparatus; 
a  step  of  inserting  said  print  medium  between  said 
photosensitive  drum  and  said  transfer  roller; 
a  step  of  detecting  a  first  current  value  B1  at  a  first 
time  ((1)  in  Figure  14)  immediately  after  said  print 
medium  is  inserted  between  said  photosensitive 
drum  and  said  transfer  roller  and  a  variation  A1  of 
said  first  current  value  B1  which  is  varied  during  a 
very  short  period  of  time  close  to  said  first  time  while 
a  constant  voltage  is  applied  to  said  transfer  roller; 
a  step  of  detecting  a  second  current  value  B2  at  a 
second  time  ((2)  in  Figure  14)  before  the  variation 
of  said  current  comes  to  an  end  after  said  first  time 
and  a  variation  A2  of  said  second  current  value  B2 
which  is  varied  during  a  very  short  period  of  time 
close  to  said  second  time; 
a  step  of  calculating  a  resistance  value  Rm  of  said 
print  medium  using  a  calculation  formula:  Rm  = 
{(B2/B1  )-1  }/{(A2/A1  )-(B2/V0)};  and  a  step  of  apply- 
ing  a  voltage  value  to  said  transfer  roller,  said  volt- 
age  value  corresponding  to  a  combined  resistance 
Rr+Rm  of  the  resistance  value  of  said  transfer  roller 
and  the  resistance  value  of  said  print  medium. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  for  explaining  an  electro- 
photographic  recording  apparatus  according  to  a 
first  embodiment  of  the  present  invention; 
Fig.  2  is  a  schematic  view  of  the  electrophotograph- 
ic  recording  apparatus  for  explaining  a  transfer 
process; 
Fig.  3  is  a  circuit  diagram  of  a  high  voltage  power 
supply  circuit  according  to  the  first  embodiment  of 
the  present  invention; 
Fig.  4  is  a  timing  chart  of  the  high  voltage  power 
supply  circuit; 
Fig.  5  is  a  graph  showing  relation  between  current 
output  from  the  high  voltage  power  supply  circuit 
and  a  detected  current; 
Fig.  6  is  a  graph  showing  characteristics  of  a  pulse 
width  modulation  signal  and  the  output  voltage  of 
the  high  voltage  power  supply  circuit  according  to 
the  first  embodiment  of  the  present  invention; 
Fig.7isatiming  chart  of  the  output  voltage  and  out- 
put  current  according  to  the  first  embodiment  of  the 
present  invention; 
Fig.  8  is  a  calculation  table  showing  transfer  voltag- 
es  according  to  the  first  embodiment  of  the  present 
invention; 
Fig.  9  is  a  view  showing  characteristic  of  an  electro- 

photographic  printer  according  to  the  first  embodi- 
ment  of  the  present  invention; 
Fig.  10  is  a  flow  chart  for  explaining  control  proce- 
dure  according  to  the  first  embodiment  of  the 

5  present  invention; 
Fig.  11  is  a  circuit  diagram  of  a  high  voltage  power 
supply  circuit  according  to  a  second  embodiment  of 
the  present  invention; 
Fig.  12  is  a  circuit  diagram  of  an  equivalent  circuit 

10  of  a  transfer  apparatus  according  to  a  third  embod- 
iment  of  the  present  invention; 
Fig.  13  is  a  view  showing  variation  of  voltage  Vtr 
when  a  given  current  is  supplied  to  a  transfer  roller 
in  Fig.  12; 

is  Fig.  1  4  is  a  graph  showing  variation  of  current  which 
flows  to  the  transfer  roller  when  the  medium  is  in- 
serted  between  the  photosensitive  drum  and  the 
transfer  roller  in  Fig.  12;  and 
Fig.  15  is  a  circuit  diagram  of  a  high  voltage  power 

20  supply  circuit  according  to  a  fourth  embodiment  of 
the  present  invention. 

First  Embodiment  (Figs.  1  to  10): 

25  An  electrophotographic  recording  apparatus  in- 
cludes  a  control  circuit  as  shown  in  Fig.  1  for  controlling 
operations  of  a  photosensitive  drum  11,  a  developing 
machine  12,  a  transfer  roller  13,  a  transfer  power  source 
14,  etc. 

30  Fig.  1  is  a  block  diagram  for  explaining  an  electro- 
photographic  recording  apparatus  according  to  a  first 
embodiment  of  the  present  invention.  As  the  electropho- 
tographic  recording  apparatus,  an  electrophotographic 
printer  is  exemplified  and  an  operation  of  the  electro- 

ns  photographic  printer  will  be  described  hereinafter. 
A  control  circuit  for  controlling  an  entire  electropho- 

tographic  printer  is  a  one-chip  CPU-LSI  28  comprising 
a  CPU  21  ,  a  control  logic  circuit  22,  an  A/D  converter  23 
(A/D-C),  and  a  pulse  width  modulation  signal  generator 

40  24  (PWM-G)  which  are  all  mounted  on  a  single  silicon 
semiconductor. 

A  control  program  for  operating  the  CPU-LSI  28  is 
stored  in  a  ROM  29  and  printing  is  performed  according 
to  the  control  program. 

45  The  control  logic  circuit  22  receives  a  print  date  from 
a  host  unit  such  as  a  personal  computer  by  way  of  an 
input  interface  31  .  The  control  logic  circuit  22  further  re- 
ceives  information  detected  by  various  medium  sensors 
37  and  a  set  value  of  an  operation  panel  58. 

so  The  control  logic  circuit  22  outputs  a  dot  data  to  be 
printed  to  an  LED  head  35  so  that  the  LED  head  35  can 
perform  an  exposure  and  outputs  a  control  signal  to  a 
motor  driver  42  so  that  the  motor  driver  42  can  control 
a  hopping  motor  40  and  a  drum  motor  41  .  The  control 

55  logic  circuit  22  further  outputs  a  control  signal  to  a  heat 
controller  53  so  that  the  heat  controller  53  can  control  a 
temperature  of  a  fixing  machine  51.  The  control  logic 
circuit  22  still  further  outputs  a  control  signal  to  a  charg- 

20 
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ing/developing  power  source  44  so  as  to  control  a  volt- 
age  value  for  electrostatic  charge  or  developing. 

The  A/D  converter  23  receives  a  detection  signal 
SG2  comprising  a  voltage  value  corresponding  to  a  cur- 
rent  value  output  from  a  high  voltage  power  supply  cir- 
cuit  48  to  the  transfer  roller  1  3  and  a  voltage  value  cor- 
responding  to  temperature  detected  by  a  temperature 
measuring  thermistor  52  which  is  provided  together  with 
the  heat  controller  53  in  the  fixing  machine  51  . 

The  pulse  width  modulation  signal  generator  24  out- 
puts  a  pulse  width  modulation  signal  SG1  correspond- 
ing  to  the  voltage  value  output  from  the  high  voltage 
power  supply  circuit  48. 

An  operation  of  the  CPU-LSI  28  will  be  described 
hereinafter. 

The  CPU-LSI  28  receives  the  above  print  informa- 
tion  by  way  of  an  input  interface  and  stores  the  print  in- 
formation  temporarily  in  a  RAM  32.  The  CPU-LSI  28 
converts  the  print  information  stored  in  the  RAM  32  into 
a  dot  data  based  on  the  information  stored  in  a  ROM  29 
and  stores  again  the  dot  data  in  another  area  of  the  RAM 
32.  The  CPU-LSI  28  transfers  the  dot  data  to  the  LED 
head  35  in  a  given  timing  for  performing  exposure. 

Moreover,  the  CPU-LSI  28  supplies  a  print  medium 
to  the  electrophotographic  printer  in  accordance  with  the 
conversion  of  the  print  information  into  the  dot  data. 

The  CPU-LSI  28  receives  detection  signals  output 
from  the  various  medium  sensors  37  provided  at  the  var- 
ious  positions  for  detecting  presence  or  nonpresence  of 
the  medium  and  width  of  the  medium,  introducing  the 
medium  from  a  medium  cassette  and  discharging  the 
medium  from  a  discharge  port  of  the  electrophotograph- 
ic  printer.  When  the  medium  is  contained  in  the  medium 
cassette,  not  shown,  the  CPU-LSI  28  controls  the  motor 
driver  42  so  that  the  motor  driver  42  drives  the  hopping 
motor  40  and  drum  motor  41  to  feed  the  medium  in  a 
printing  direction. 

The  CPU-LSI  28  outputs  a  pulse  width  modulation 
signal  SG1  to  thereby  control  the  high  voltage  power 
supply  circuit  48  so  that  the  high  voltage  power  supply 
circuit  48  applies  the  transfer  voltage  to  the  transfer  roll- 
er  13. 

The  CPU-LSI  28  performs  such  various  controls  so 
as  to  sequentially  perform  exposing,  developing,  trans- 
ferring  and  fixing  processes  for  electrophotographic 
printing. 

A  power  supply  circuit  55  is  a  circuit  for  transforming 
a  voltage  of  a  commercial  power  source  received 
through  an  AC  input  56  thereof  into  stable  voltages  to 
be  supplied  to  the  high  voltage  power  supply  circuit  48 
and  other  blocks  in  the  electrophotographic  printer  as 
power  source  voltages. 

Fig  3  is  a  circuit  diagram  of  the  high  voltage  power 
supply  circuit  48  according  to  the  first  embodiment  of 
the  present  invention. 

The  high  voltage  power  supply  circuit  48  includes  a 
transformer  T1  composed  of  a  primary  coil  L1  for  receiv- 
ing  a  power  source  E  of  +5V  and  a  secondary  coil  L2 

which  is  larger  than  the  primary  coil  L1  in  number  of 
turns  for  generating  a  voltage  larger  than  that  of  the  pri- 
mary  coil  L1  in  the  secondary  coil  L2. 

Connected  to  the  ground  side  of  the  primary  coil  L1 
5  are  an  inverse  diode  D1  and  a  transistor  Tr1  which  re- 

ceives  the  pulse  width  modulation  signal  SG1  by  way  of 
a  resistor  Rb  at  a  base  terminal  thereof.  The  primary  coil 
L1  and  its  distributed  capacity  constitute  a  resonance 
circuit,  the  distributed  circuit  serving  as  a  resonance  ca- 

10  pacitor  C1  in  an  equivalent  circuit. 
A  rectifier  diode  D2  and  a  smoothing  capacitor  C4 

are  connected  to  the  output  side  of  the  secondary  coil 
L2  and  a  noise  filter  capacitor  C3  is  connected  to  the 
smoothing  capacitor  C4  in  series. 

is  A  current  detecting  resistor  Rs  is  connected  be- 
tween  a  power  source  E  and  the  ground  side  end  of  the 
smoothing  capacitor  C4  while  a  by-pass  capacitor  C2 
for  the  high  voltage  power  supply  circuit  48  is  connected 
between  the  power  source  E  and  the  ground. 

20  An  operation  of  the  high  voltage  power  supply  cir- 
cuit  48  will  be  described  with  reference  to  Figs.  3  and  4. 

Fig.  4  is  a  timing  chart  of  the  high  voltage  power 
supply  circuit  48. 

The  pulse  width  modulation  signal  SG1  as  shown 
25  in  Fig.  4  is  applied  to  the  base  terminal  of  the  transistor 

Tr1  as  shown  in  Fig.  3  by  way  of  the  resistor  Rb  which 
is  provided  for  restricting  the  base  current  of  the  tran- 
sistor  Tr1  .  The  pulse  width  modulation  signal  SG1  hav- 
ing  a  given  cycle  T  is  controlled  in  such  a  way  as  to  pro- 

30  long  ON  time  t  in  the  cycle  T  for  outputting  a  high  voltage 
and  curtail  the  ON  time  t  in  the  cycle  T  for  outputting  a 
low  voltage.  That  is,  the  output  voltage  is  controlled  by 
the  ratio  of  the  ON/OFF  times.  Current  from  the  power 
source  E  intermittently  flows  in  the  primary  coil  L1  of  the 

35  transformer  T1  under  the  ON/OFF  control  of  the  transis- 
tor  Tr1  . 

The  voltage  of  the  primary  coil  L1  is  multiplied  by  a 
ratio  of  the  number  of  turns  between  the  primary  coil  L1 
and  the  secondary  coil  L2  to  be  output  from  the  second- 

40  ary  coil  L2.  The  current  which  flows  from  the  secondary 
coil  L2  is  rectified  by  the  rectifier  diode  D2  and  is 
smoothed  by  the  smoothing  capacitor  C4  so  that  an  out- 
put  voltage  V0  is  output  from  the  high  voltage  power 
supply  circuit  48  to  be  applied  to  the  transfer  roller  1  3. 

45  At  this  time,  a  current  which  flows  to  the  transfer 
roller  13,  namely,  an  output  current  passes  through  the 
current  detecting  resistor  Rs.  A  voltage  Vsg2  of  the  de- 
tection  signal  SG2  of  the  output  current  is  expressed  as 
follows  as  shown  in  Fig.  5. 

50 

Vsg2  =  5-I0.rs 

wherein  rs  is  a  resistance  value  of  the  current  de- 
55  tecting  resistor  Rs. 

Fig.  5  is  a  graph  showing  the  relation  between  the 
current  10  which  is  output  from  the  high  voltage  power 
supply  circuit  48  and  the  Vsg2. 

4 
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As  shown  in  Fig.  5,  supposing  that 
rs  =  500  CK  [KQ] 
10  =  10  [u,A] 
the  following  expression  is  established. 
Vsg2  =  0[V] 

Supposing  that 
10  =  0  [u,A], 
the  following  expression  is  established. 
VSg2  =  5  [V] 

Accordingly,  the  CPU-LSI  28  can  detect  the  Vsg2  by 
way  of  the  A/D  converter  23  to  monitor  the  output  current 
10. 

As  shown  in  Fig.  4,  when  the  transistor  Tr1  is  turned 
on  by  the  pulse  width  modulation  signal  SG1,  current 
flows  to  the  primary  coil  L1  and  the  current  value  of  the 
primary  coil  L1  increases  as  time  passes  supposing  that 
the  inductance  of  the  primary  coil  L1  is  L1,  the  current 
value  becoming  after  a  time  t: 

Ic  =  Et/L1  . 
If  the  transistor  Tr1  is  thereafter  turned  off,  reso- 

nance  occurs  in  a  resonance  circuit  constituted  of  the 
inductance  L1  of  the  primary  coil  L1  and  a  capacitance 
C1  of  the  resonance  capacitor  C1  which  is  the  distribu- 
tion  capacitance  of  the  primary  coil  L1  of  the  transformer 
T1  in  equivalent  circuit.  Atthistime,  apeak  value  Vc  peak 
of  the  collector  voltage  Vc  is  the  peak  value  Ic  peak  of 
the  collector  current  Ic  multiplied  by  7L1/C1  so  that  the 
following  expression  is  established; 

Vcpeak  =  lcpeak-^7C1 

=  E-t/VL1-C1  (1) 

and  resonance  having  a  frequency  fv  of  about 
1/27iVL1  •  C1  is  generated.  In  this  case,  the  negative 
half-cycle  of  the  oscillating  wave  is  clipped  by  the  in- 
verse  diode  D1  as  shown  in  Fig.  3  and  the  collector  volt- 
age  Vc  is  sharply  attenuated. 

It  is  understood  from  the  expression  (1)  that  the 
Vc  peak  of  the  collector  voltage  Vc  is  increased  in  pro- 
portion  to  the  lapse  of  time  during  which  the  collector 
current  Ic  flows. 

Supposing  that  the  cycle  T  of  the  pulse  width  mod- 
ulation  signal  SG1  is  50  [u.s],  the  frequency]  is  20  [kHz], 
maximum  value  of  t  is  25  [u.s],  the  primary  coil  induct- 
ance  L1  of  the  transformer  T1  is  500  [u.H],  the  equivalent 
capacity  C1  of  the  primary  coil  L1  of  the  transformer  T1 
due  to  the  distribution  capacitance  thereof  is  2000  [pF], 
the  voltage  of  the  power  source  E  is  5[V]  and  the  turn 
ratio  of  the  transformer  T1  is  1  :  30,  the  following  expres- 
sions  are  established. 

resonance  cycle  Tv  =6.3[u.s] 
The  peak  value  Ic  peak  of  the  collector  current  Ic  = 

250  [mA] 
(Average  maximum  value  is  63  [mA]) 

The  peak  value  Vc  peak  of  the  collector  voltage  Vc 

=  125  [Vs] 
Maximum  value  of  the  output  voltage  V0  =  3.75  [kV] 

(Vc  peak  X  30) 
At  this  time,  the  current  10  which  flows  in  the  transfer 

5  roller  13  is  very  small,  i.e.  several  [u.A]  to  10  [u.A]  since 
the  printing  medium  15  is  inserted  between  the  transfer 
roller  1  3  and  the  photosensitive  drum  1  1  so  that  an  out- 
put  energy  is,  e.g.,  about  38  [mW].  On  the  other  hand, 
an  input  energy  is  sufficiently  large  since  it  is  expressed 

10  as  follows. 

0.25  [A]  X  (1/2)  X  (1/2)  X  5  [V]  =  312  [mW] 

15  Accordingly,  even  if  the  output  current  I  is  varied, 
the  voltage  variation  of  the  output  voltage  V0  is  very  little 
since  a  sufficient  power  is  supplied  from  the  primary  coil 
L1. 

Since  the  high  voltage  power  supply  circuit  48  hav- 
20  ing  the  arrangement  as  set  forth  above  is  subjected  to 

a  feedback  control  so  as  to  supply  a  given  voltage,  it  is 
not  necessary  to  always  detect  the  output  voltage,  which 
dispenses  with  the  provision  of  an  additional  feedback 
control  circuit.  Further,  it  is  not  necessary  to  apply  load 

25  to  the  CPU-LSI  28  instead  of  providing  the  additional 
feed  back  control  circuit.  Accordingly,  it  is  possible  to 
realize  the  high  voltage  power  supply  circuit  48  which 
can  output  a  stable  high  voltage  power  supply  by  a  sim- 
ple  circuit. 

30  As  mentioned  above,  the  output  voltage  V0  is  de- 
termined  by  the  inductance  L1,  the  equivalent  capaci- 
tance  C1  which  is  used  as  the  resonance  capacitor,  the 
power  supply  voltage  E  and  the  time  t.  As  a  result,  the 
relation  between  the  pulse  width  modulation  signal  SG1 

35  and  the  output  voltage  V0  of  the  high  voltage  power  sup- 
ply  circuit  48  is  established  as  shown  in  Fig.  6. 

Fig.  6  is  a  graph  showing  characteristics  of  a  pulse 
width  modulation  signal  and  the  output  voltage  of  the 
high  voltage  power  supply  circuit  48  according  to  the  first 

40  embodiment  of  the  present  invention.  As  shown  in  Fig. 
6,  the  output  voltage  V0  is  proportional  to  the  pulse  width 
modulation  signal  SG1. 

Although  the  distribution  capacitance  of  the  primary 
coil  L1  is  used  as  the  resonance  capacitor  C1  in  an 

45  equivalent  circuit  in  the  above  example,  it  is  necessary 
to  provide  another  capacitor  in  parallel  with  the  primary 
coil  L1  if  the  distribution  capacitance  of  the  primary  coil 
alone  is  not  sufficient  for  the  resonance  capacitor  C1  . 

An  operation  of  the  transfer  roller  13  will  be  ex- 
50  plained  hereinafter. 

Fig.  7  is  a  timing  chart  of  the  output  voltage  and  out- 
put  current  according  to  the  first  embodiment  of  the 
present  invention.  In  Fig.  7,  denoted  at  V0  and  10  in  the 
vertical  axis  are  output  voltage  value  and  output  current 

55  value  of  the  high  voltage  power  supply  circuit  48  and  the 
lateral  axis  represents  time. 

When  printing  operation  starts  and  the  photosensi- 
tive  drum  11  shown  in  Fig.  2  starts  to  turn,  the  pulse 

5 
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width  modulation  signal  generator  24  shown  in  Fig.  1 
generates  the  pulse  width  modulation  signal  SG1  and 
the  high  voltage  power  supply  circuit  48  varies  the  out- 
put  voltage  V0  to  a  voltage  V1  corresponding  to  the 
pulse  width  modulation  signal  SG1  only  during  a  time 
ta.  At  this  time,  the  current  value  of  the  output  current 
10  becomes  1  1  ,  which  is  input  to  the  CPU-LSI  28  as  the 
detection  signal  SG2  to  be  monitored  thereby.  As  a  re- 
sult,  it  is  possible  to  calculate  the  resistance  value  of  the 
transfer  roller  1  3  per  se. 

When  the  printing  medium  15  is  fed  and  inserted 
between  the  photosensitive  drum  11  and  the  transfer 
roller  1  3,  the  high  voltage  power  supply  circuit  48  varies 
the  output  voltage  V0  to  the  voltage  value  V2  only  during 
a  time  tb.  At  this  time,  the  current  value  of  the  output 
current  10  becomes  12,  which  is  also  input  to  the  CPU- 
LSI  28  as  the  detection  signal  SG2  to  be  monitored 
thereby.  As  a  result,  it  is  possible  to  calculate  the  com- 
bined  resistance  value  of  the  transfer  roller  13  and  the 
printing  medium  15. 

The  CPU-LSI  28  can  calculate  the  resistance  value 
of  the  printing  medium  1  5  based  on  the  resistance  value 
at  the  state  where  the  printing  medium  1  5  is  not  present 
and  the  resistance  value  at  the  state  where  the  printing 
medium  15  is  present.  The  voltage  VTR  during  printing 
can  be  calculated  based  on  the  resistance  value. 

In  concrete,  since  the  current  values  11  and  the  12 
are  detected  relative  to  previously  determined  voltage 
values  V1  and  V2  respectively,  the  voltage  VTR  during 
printing  can  be  obtained  by  way  of  a  calculation  table  as 
shown  in  Fig.  8  without  calculating  the  resistance  value. 

Fig.  8  is  the  calculation  table  showing  transfer  volt- 
ages  according  to  the  first  embodiment  of  the  present 
invention. 

This  calculation  table  can  be  stored  in  the  ROM  29 
in  Fig.  1  and  the  voltage  VTR  during  printing  can  be  read 
out  therefrom  based  on  the  detected  current  values  11 
and  12.  The  pulse  width  modulation  signal  generator  24 
generates  the  pulse  width  modulation  signal  SG1  cor- 
responding  to  the  voltage  VTR  during  printing  and  the 
high  voltage  power  supply  circuit  48  keeps  the  output 
voltage  V0  at  the  voltage  value  VTR  during  a  time  tc  in 
response  to  the  pulse  width  modulation  signal  SG1  .  At 
this  time,  the  current  value  of  the  current  10  becomes 
ITR. 

The  calculation  table  in  Fig.  8  shows  the  voltage  val- 
ue  VTR  which  is  calculated  under  the  condition  that  the 
voltage  value  V1  is  500  [V]  and  the  voltage  value  V2  is 
1  [kV]  according  to  the  first  embodiment. 

The  calculation  table  in  Fig.  8  is  set  in  the  manner 
that  the  voltage  value  VTR  is  increased  as  the  current 
values  11  and  12  of  the  output  current  10  are  decreased. 
This  means  that  the  resistance  value  of  the  transfer  roll- 
er  1  3  is  large  in  case  the  current  value  1  1  is  small  when 
the  current  value  11  and  the  transfer  roller  13  directly 
brought  into  contact  with  each  other  so  as  to  permit  the 
output  voltage  V0  to  be  voltage  value  V1  .  In  this  case, 
the  voltage  value  VTR  must  be  set  to  be  large.  It  also 

means  that  the  resistance  value  of  the  printing  medium 
1  5  is  large  in  case  the  current  value  12  is  small  when  the 
printing  medium  15  is  inserted  between  the  photosen- 
sitive  drum  1  1  and  the  transfer  roller  1  3  so  as  to  permit 

5  the  output  voltage  V0  to  be  voltage  value  V2.  In  this 
case,  the  voltage  value  VTR  must  be  set  to  be  large. 

Thereafter,  the  CPU-LSI  28  applies  the  voltage  val- 
ue  VTR  to  the  transfer  roller  13  as  the  transfer  voltage 
by  controlling  the  high  voltage  power  supply  circuit  48 

10  to  start  the  printing  and  returns  the  output  voltage  V0  of 
the  high  voltage  power  supply  circuit  48  to  0V  upon  com- 
pletion  of  printing. 

The  voltage  value  VTR  which  are  set  by  the  calcu- 
lation  table  can  be  changed  by  operating  the  operation 

is  panel  58.  The  calculation  table  can  be  switched  to  an- 
other  one  depending  on  other  conditions  such  as  kinds 
or  dimensions  of  the  printing  medium  15.  For  example, 
the  size  of  the  introduced  medium  is  measured  by  a  sen- 
sor  and  the  calculation  table  is  changed  to  another  one 

20  according  to  the  size  of  the  medium  so  as  to  calculate 
an  optimum  transfer  voltage,  which  leads  to  more  fine 
control.  Further,  the  voltage  value  VTR  can  be  also  cal- 
culated  based  on  a  given  formula  corresponding  to  the 
result  of  the  calculation  table  instead  of  reading  out  the 

25  voltage  value  VTR  from  the  calculation  table. 
Fig.  9  is  a  view  showing  the  characteristic  of  an  elec- 

trophotographic  printer  according  to  the  first  embodi- 
ment  of  the  present  invention. 

In  Fig.  9,  solid  curved  lines  respectively  show  rang- 
30  es  where  the  transfer  is  performed  effectively  in  case  of 

using  thin  paper,  thick  paper  and  an  envelope  as  a  me- 
dium  on  a  normal  transfer  roller  while  curved  broken 
lines  respectively  show  ranges  where  the  transfer  is  per- 
formed  effectively  in  case  of  using  the  thin  paper  and 

35  the  thick  paper  as  the  medium  on  a  transfer  roller  which 
is  larger  in  resistance  value  than  the  normal  transfer  roll- 
er  by  one  or  two  digits.  M  in  parenthesis  shows  that  pe- 
ripheral  atmosphere  of  the  electrophotographic  printer 
is  normal  in  temperature  and  humidity  while  L  in  paren- 

40  thesis  shows  that  peripheral  atmosphere  of  the  electro- 
photographic  printer  is  low  in  temperature  and  humidity. 

As  mentioned  above,  a  good  transfer  operation  can 
be  performed  by  calculating  impedance  of  the  medium 
and  selecting  the  transfer  voltage  matching  the  same. 

45  The  aforementioned  operations  are  summarized  as 
follows. 

Fig.  10  is  a  flow  chart  showing  a  sequence  of  con- 
trols  mentioned  above. 

so  step  1  :  the  photosensitive  drum  11  starts  to  rotate. 
Step  2:  the  high  voltage  power  supply  circuit  48  (Fig. 
1  )  permits  the  output  voltage  V0  to  be  voltage  value 
V1  during  the  time  ta  alone  (Fig.  7) 
Step  3:  the  printing  medium  15  is  fed  and  inserted 

55  between  the  photosensitive  drum  11  and  the  trans- 
fer  roller  13 
Step  4:  the  high  voltage  power  supply  circuit  48  per- 
mits  the  output  voltage  V0  to  be  voltage  value  V2 

6 
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during  the  time  tb  alone. 
Step  5:  the  CPU-LSI  28  reads  out  the  voltage  value 
VTR  corresponding  to  the  current  values  11  and  12 
from  the  calculation  table  shown  in  Fig.  8. 
Step  6:  the  high  voltage  power  supply  circuit  48  per- 
mits  the  output  voltage  VO  to  be  the  voltage  value 
VTR  during  the  time  tc  alone. 
Step  7:  printing  starts 
Step  8:  the  CPU  21  judges  whether  printing  is  com- 
pleted  or  not.  If  printing  is  completed,  the  program 
goes  to  Step  S9. 
Step  9:  the  high  voltage  power  supply  circuit  48  re- 
turns  the  voltage  value  of  the  output  voltage  VO  to 
OV. 

As  mentioned  above,  according  to  the  first  embod- 
iment,  the  high  voltage  power  supply  circuit  48  can  cal- 
culate  the  impedance  of  the  transfer  roller  13  and  that 
of  the  printing  medium  1  5  with  ease  by  merely  outputting 
the  current  value  at  the  time  when  a  given  voltage  is 
output  as  the  detection  signal  SG2  to  the  A/D  converter 
23  and  also  it  can  set  the  transfer  voltage  corresponding 
to  the  impedance  of  the  transfer  roller  1  3  and  that  of  the 
printing  medium  1  5.  As  a  result,  it  is  possible  to  perform 
an  effective  transfer  by  a  simple  high  voltage  power  sup- 
ply  circuit  48. 

Second  embodiment  (Fig.  11): 

An  electrophotographic  recording  apparatus  ac- 
cording  to  a  second  embodiment  will  be  described  with 
reference  to  Fig.  11,  which  is  a  circuit  diagram  of  a  high 
voltage  power  supply  circuit. 

A  high  voltage  power  supply  circuit  48-2  of  the  sec- 
ond  embodiment  includes  a  sensor  coil  L3  for  detecting 
an  output  voltage  in  addition  to  the  high  voltage  power 
supply  circuit  48  of  the  first  embodiment  and  also  in- 
cludes  a  rectifier  diode  D3  and  a  smoothing  capacitor 
C5  at  the  output  side  terminal  of  the  sensor  coil  L3  from 
which  an  output  voltage  detection  signal  SG3  is  output. 

Since  the  voltage  value  of  the  output  voltage  detec- 
tion  signal  SG3  is  proportional  to  the  output  voltage  VO, 
the  CPU-LSI  28  can  detect  the  voltage  value  of  the  out- 
put  voltage  detection  signal  SG3  by  way  of  the  A/D  con- 
verter  23  to  monitor  the  output  voltage  VO. 

In  such  a  manner,  the  CPU-LSI  28  can  monitor  the 
relation  between  the  pulse  width  modulation  signal  SG1 
and  the  output  voltage  VO  caused  by  the  dispersion  of 
the  characteristic  of  parts  constituting  the  high  voltage 
power  supply  circuit  48-2.  Since  there  is  established  a 
linear  relation  between  the  pulse  width  modulation  sig- 
nal  SG1  and  the  output  voltage  VO,  the  CPU-LSI  28  can 
improve  the  accuracy  of  the  output  voltage  VO  by  mon- 
itoring  the  relation  between  the  pulse  width  modulation 
signal  SG1  and  the  output  voltage  VO  at  one  point  and 
by  performing  calibration. 

As  mentioned  above,  it  is  possible  to  apply  the 
transfer  voltage  corresponding  to  the  medium  to  the 

transfer  roller  13  by  calculating  the  resistance  value  of 
the  medium  which  is  supplied  to  the  electrophotographic 
recording  apparatus  or  a  value  corresponding  to  the  re- 
sistance  value,  thereby  improving  the  transfer  accuracy. 

5  However,  it  is  difficult  to  measure  the  resistance  value 
of  the  medium  or  the  value  corresponding  thereto  if  the 
number  of  the  print  mediums  per  hour  is  increased. 

To  solve  this  problem,  the  medium  resistance  is  es- 
timated  by  an  arithmetic  operation  based  on  difference 

10  between  the  current  before  the  medium  is  supplied  and 
the  current  immediately  after  the  medium  is  supplied  to 
the  electrophotographic  recording  apparatus. 

Third  Embodiment  (Figs.  12  to  14): 
15 

For  this  purpose,  the  resistance  value  of  the  print 
medium  is  measured  as  described  in  detail  in  the  follow- 
ing  third  embodiment. 

At  first,  a  problem  in  measuring  the  resistance  value 
20  of  the  print  medium  15  in  a  short  time  will  be  described 

hereinafter. 
Fig.  12  is  a  circuit  diagram  of  an  equivalent  circuit 

of  a  transfer  apparatus  according  to  the  third  embodi- 
ment  of  the  present  invention. 

25  In  Fig.  1  2,  denoted  at  Rd  is  an  equivalent  resistance 
of  the  photosensitive  drum  11,  Cm  is  an  equivalent  ca- 
pacitance  of  the  medium,  Rm  is  an  equivalent  resist- 
ance  of  the  medium,  and  Rr  is  an  equivalent  resistance 
of  the  transfer  roller  1  3. 

30  When  the  printing  medium  15  is  inserted  between 
the  photosensitive  drum  11  and  transfer  roller  13,  the 
equivalent  resistance  Rm  and  the  equivalent  capaci- 
tance  Cm  of  the  medium  are  inserted  between  the 
equivalent  resistance  Rd  of  the  photosensitive  drum  11 

35  and  the  equivalent  resistance  Rr  of  the  transfer  roller  1  3, 
which  corresponds  to  a  state  where  a  switch  SWm  is 
turned  off.  When  the  switch  SWm  is  turned  off,  the  trans- 
fer  voltage  is  increased  by  the  voltage  corresponding  to 
the  equivalent  resistance  Rm  of  the  medium.  Accord- 

40  ingly,  the  transfer  voltage  is  corrected  by  that  corre- 
sponding  to  equivalent  resistance  Rm  if  a  voltage  Vtr  is 
maintained  at  a  given  value  during  printing. 

Whereupon,  the  variation  of  the  voltage  Vtr  is  de- 
layed  due  to  the  equivalent  capacitance  Cm  of  the  print- 

45  ing  medium  15  at  the  instant  when  the  printing  medium 
15  is  inserted  between  the  photosensitive  drum  11  and 
the  transfer  roller  1  3  even  if  a  given  current  value  is  sup- 
plied  to  the  transfer  roller  13  to  detect  the  variation  of 
the  voltage  Vtr.  This  is  described  more  in  detail  with  ref- 

50  erence  to  Fig.  13. 
Fig.  1  3  is  a  waveform  showing  the  variation  of  volt- 

age  Vtr  when  a  given  current  is  supplied  to  the  transfer 
roller  1  3.  It  is  understood  from  Fig.  1  3  that  it  takes  time 
until  the  voltage  is  stabilized  after  the  insertion  of  the 

55  print  medium  15.  Accordingly,  since  printing  operation 
starts  shortly  after  the  insertion  of  the  medium  in  the 
electrophotographic  recording  apparatus  having  high 
printing  speed,  the  medium  reaches  the  printing  area 

7 
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before  the  voltage  Vtr  is  stabilized  and  consequently  the 
voltage  difference  becomes  an  error. 

To  overcome  this  problem,  the  resistance  value  of 
the  printing  medium  15  is  calculated  in  the  following 
manner. 

In  the  equivalent  circuit  as  shown  in  Fig.  12,  if  the 
resistance  Rd  of  the  photosensitive  drum  1  1  is  too  small 
compared  with  other  resistances  to  be  neglected,  a  cur- 
rent  characteristic  as  shown  in  a  graph  in  Fig.  14  is  ob- 
tained. 

Fig.  1  4  is  a  graph  showing  variation  of  current  which 
flows  to  the  transfer  roller  13  at  the  time  of  insertion  of 
the  medium. 

The  current  value  is  the  one  when  the  voltage  VO  is 
applied  to  the  transfer  roller  13  and  it  can  be  detected 
by  the  detection  signal  SG2. 

The  variation  of  current]  at  a  detecting  point  (1  )  cor- 
responding  to  the  medium  inserting  time  (t=0)  is  ex- 
pressed  as  follows. 

15 

20 

A2  =  A1  •  e 

--  A 
"  a:  (C) 

From  the  expression  of  (c1),  the  expression  of  (d)  is 
10  expressed  as  follows. 

B2: 
Vn 

(Rr  +  R J - R r  (Rr  +  1T  -Rn (d') 

Therefore,  the  following  expression  is  established. 

■Ft.  -  1 
Rm  : (d" 

(Rr  +  Rm)-Rr (Rr  +  Rm  •  e 

the  variation  of  the  current  ĵj  is  expressed  as  fol- 
lows. 

di 
dt 

Vn-R„ 
(Rr+Rn 

25 

30 

By  substitution  of  the  expression  of  (b)  into  the  ex- 
pression  of  (d"),  the  following  expression  is  established. 

Bo 

Rm  : 

Assuming  that  current  variation  is  A1  and  current 
value  is  B1  at  the  detecting  point  (1  ),  and  current  varia- 
tion  is  A2  and  current  value  is  B2  at  a  detecting  point  (2) 
(an  arbitrary  time  before  the  current  is  stabilized  and  ex- 
pressed  as  t  =  t1  ),  the  following  expressions  are  estab- 
lished. 

A1 V R n  
(Rr  +  Rn )-R. 

A2  : 

B1 

V R m   1  -x 
(Rr  +  RJ-Rr  * 

B2: 
(Rr  +  R J - R r  (Rr  +  Rm-e 

From  the  expression  of  (a),  the  expression  of  (c)  is 
expressed  as  follows. 

Since 

iria-  Thus,  it  is  possible  to  calculate  the  current  value  be- 
t  (2)  fore  the  print  medium  15  is  inserted,  the  current  value 
ex-  35  at  an  arbitrary  time  t1  before  the  current  is  stabilized, 

tab-  and  the  equivalent  resistance  Rm  of  the  medium  before 
the  current  value  is  stabilized  by  the  output  voltage  VO 
applied  thereto. 

A  concrete  control  will  be  described  hereinafter. 
(a)  40  At  first,  the  current  value  is  measured  before  the  in- 

sertion  of  the  printing  medium  15  (B1)  and  is  again 
measured  twice  a  little  later  thereafter,  to  obtain  the  var- 
iation  rate  (A1)  of  current  from  the  difference  between 

(b)  the  two  current  values  and  the  time  lag  therebetween. 
45  Then,  the  current  value  is  twice  measured  also  at 

arbitrary  times  before  the  printing  medium  15  reaches 
the  printing  position,  and  the  variation  rate  (A2)  of  cur- 

(c)  rent  is  obtained  by  the  difference  between  the  two  cur- 
rent  values  and  the  time  lag  therebetween.  Average  cur- 

50  rent  value  of  these  current  values  or  one  of  the  current 
values  is  assumed  to  be  a  current  value  (B2)  at  this  time. 

(d)  It  is  preferable  to  use  the  average  value  when  the  cur- 
rent  values  B1  and  the  B2  are  obtained  but  one  of  the 
current  values  may  be  used  since  the  variation  of  the 

d)  is  55  current  value  at  this  time  is  small  compared  with  the  cur- 
rent  value  per  se. 

Next,  the  resistance  value  of  the  printing  medium 
1  5  is  calculated  from  the  above  formula  before  the  print- 
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ing  medium  1  5  reaches  the  printing  position  and  the  cal- 
culated  resistance  value  of  the  printing  medium  15  is 
added  to  the  resistance  value  of  the  transfer  roller  13 
obtained  from  the  current  value  before  the  insertion  of 
the  printing  medium  15  so  as  to  obtain  the  optimum  s 
transfer  voltage  corresponding  to  the  composed  resist- 
ance  value  from  a  table  which  is  the  calculation  table  of 
the  first  embodiment  modified  by  changing  a  search  key 
so  that  the  voltage  values  may  be  obtain  from  the  resist- 
ance  values  or  obtain  the  optimum  transfer  voltage  from  10 
a  formula.  The  high  voltage  power  supply  circuit  48  is 
controlled  so  as  to  apply  the  optimum  transfer  voltage 
to  the  transfer  roller  1  3. 

As  described  above,  it  is  possible  to  obtain  an  op- 
timum  transfer  voltage,  even  in  a  high-speed  electro-  15 
photographic  printer  incapable  of  directly  measuring  the 
resistance  of  the  print  medium,  since  the  resistance  of 
the  medium  can  be  calculated  from  the  current  value 
and  current  variation  measured  before  printing. 

The  PWM  signal  is  used  as  a  control  signal  by  the  20 
high  voltage  power  supply  circuits  48  and  48-2  accord- 
ing  to  the  first  and  second  embodiments,  but  the  output 
voltage  may  be  directly  subjected  to  digital  feedback 
control. 

25 
Fourth  Embodiment  (Fig.  15): 

Fig.  15  is  a  circuit  diagram  of  a  high  voltage  power 
supply  circuit  according  to  a  fourth  embodiment  of  the 
present  invention.  30 

In  Fig.  15,  the  high  voltage  power  supply  circuit  in- 
cludes  a  sensor  coil  L3for  monitoring  the  output  voltage, 
which  is  reduced  by  a  voltage  divider  constituted  of  re- 
sistors  R70  and  R71  to  be  input  to  one  input  terminal  of 
a  comparator  68.  The  other  input  terminal  of  the  com-  35 
parator  68  is  connected  to  a  desired  reference  voltage 
which  is  output  from  a  D/A  converter  64  of  a  one-chip 
microcomputer  60.  The  comparator  68  outputs  a  logical 
"H"  when  a  detected  voltage  is  higher  than  the  reference 
voltage  and  outputs  a  logical  "L"  when  the  detected  volt-  40 
age  is  lower  than  the  reference  voltage.  The  output  of 
the  comparator  68  is  input  to  the  input  terminal  of  a 
three-input  AND  circuit  69.  Other  input  terminals  of  the 
AND  circuit  69  are  connected  to  a  signal  line  coupled  to 
an  I/O  port  66  of  the  one-chip  microcomputer  60  and  an  45 
output  of  an  oscillator  circuit  67.  When  the  one-chip  mi- 
crocomputer  60  turns  on  high  voltage  output  control,  a 
logical  "H"  is  output  from  the  I/O  66.  If  the  comparator 
68  is  at  logical  "H"  at  that  time,  the  AND  circuit  69  outputs 
a  clock  generated  by  the  oscillation  circuit  67.  So  long  so 
as  the  clock  of  the  oscillator  circuit  67  is  applied  to  the 
transistor  Tr1  ,  a  power  is  supplied  to  the  transformer  T1 
so  that  the  high  voltage  is  output  therefrom  as  VO. 

The  output  current  is  converted  into  a  voltage  by  a 
current-voltage  converter  circuit  comprising  resistors  55 
R73,  R74,  R75  and  an  operational  amplifier  81  and  the 
converted  voltage  is  input  to  the  A/D  converter  65  of  the 
one-chip  microcomputer  60  to  be  monitored  thereby. 

The  one-chip  microcomputer  60  includes  a  CPU  61  , 
a  RAM  62  and  a  ROM  63  and  it  is  connected  to  the  CPU- 
LSI  28  by  way  of  the  I/O  66. 

Using  the  high  voltage  supply  power  circuit  accord- 
ing  to  the  embodiments  of  the  present  invention,  it  is 
possible  to  perform  an  excellent  printing  without  lower- 
ing  the  output  voltage  even  in  the  electrophotographic 
recording  apparatus  which  consumes  much  current  for 
high  speed  printing. 

Claims 

1.  An  electrophotographic  recording  apparatus  includ- 
ing  a  photosensitive  drum  and  a  transfer  roller  con- 
fronting  said  photosensitive  drum,  said  electropho- 
tographic  recording  apparatus  further  comprising: 

a  high-voltage  power-supply  circuit  for  applying 
a  transfer  voltage  to  said  transfer  roller,  the 
high-voltage  power-supply  circuit  including  a 
transformer  (T1  ),  which  includes  a  primary  coil 
(L1  )  with  a  first  number  of  turns  and  a  second- 
ary  coil  (L2)  with  a  second  number  of  turns  larg- 
er  than  the  first  number  of  turns,  capacitor 
means  connected  to  the  primary  coil  in  parallel, 
and  a  switching  element  (Tr1  )  connected  to  the 
primary  coil  in  series;  and 
a  control  circuit  arranged  to  receive  information 
of  said  electrophotographic  recording  appara- 
tus  including  information  of  an  output  current 
value  of  said  high-voltage  power-supply  circuit, 
which  information  is  used  to  obtain  a  resistance 
value  of  a  print  medium  to  control  a  voltage  val- 
ue  output  from  said  high-voltage  power-supply 
circuit; 
wherein  said  control  circuit  calculates  a  value 
corresponding  to  a  voltage  value  to  be  applied 
to  said  transfer  roller  based  on  a  value  which  is 
varied  in  correspondence  with  a  resistance  val- 
ue  of  said  transfer  roller  and  a  resistance  value 
of  a  print  medium  and  outputs  a  control  signal 
for  controlling  said  voltage  value  which  is  sup- 
plied  by  said  high-voltage  power-supply  circuit 
based  on  the  calculated  value. 

2.  An  electrophotographic  recording  apparatus  ac- 
cording  to  Claim  1  ,  wherein  said  control  circuit  fur- 
ther  receives  an  output  of  a  medium  sensor  and  cal- 
culates  a  width  of  said  print  medium  based  on  an 
output  of  said  medium  sensor  and  calculates  a  val- 
ue  which  is  varied  in  response  to  said  resistance 
value  of  said  transfer  roller  and  said  resistance  val- 
ue  of  said  print  medium  and  a  value  corresponding 
to  said  voltage  value  to  be  applied  to  said  transfer 
roller  based  on  the  width  of  said  print  medium. 

3.  An  electrophotographic  recording  apparatus  ac- 
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cording  to  Claim  1,  wherein  said  control  circuit  re- 
ceives  a  set  value  of  an  operation  panel  and  calcu- 
lates  a  value  which  is  varied  corresponding  to  the 
resistance  value  of  said  transfer  roller  and  the  re- 
sistance  value  of  said  medium  and  also  calculates  s 
a  value  corresponding  to  said  voltage  value  to  be 
applied  to  said  transfer  roller  based  on  the  set  value 
of  said  operation  panel. 

4.  An  electrophotographic  recording  apparatus  ac-  10 
cording  to  Claim  1,  wherein  said  electrophotograph- 
ic  recording  apparatus  includes  a  memory  device 
which  stores  therein  information  for  operating  said 
control  circuit,  and  wherein  said  control  circuit  reads 
a  formula  for  calculating  said  value  from  said  mem-  is 
ory  device  and  calculates  said  value  based  on  said 
formula. 

5.  An  electrophotographic  recording  apparatus  ac- 
cording  to  Claim  1,  wherein  said  electrophotograph-  20 
ic  recording  apparatus  includes  a  memory  device 
which  stores  therein  information  for  operating  said 
control  circuit,  and  wherein  said  control  circuit  cal- 
culates  said  value  referring  to  a  calculation  table 
which  is  stored  in  said  memory  device.  25 

6.  An  electrophotographic  recording  apparatus  ac- 
cording  to  Claim  1,  wherein  said  control  circuit  in- 
cludes  a  pulse  width  modulation  signal  generator 
for  outputting  said  control  signal  to  said  high  voltage  30 
power  supply  circuit  so  as  to  control  a  voltage  of 
said  high  voltage  power  supply  circuit  based  on  a 
pulse  width  of  said  control  signal. 

7.  An  electrophotographic  recording  apparatus  ac-  35 
cording  to  Claim  6,  wherein  said  high  voltage  power 
supply  circuit  further  comprises: 

8.  An  electrophotographic  recording  apparatus  ac-  45 
cording  to  Claim  7,  wherein  said  high  voltage  power 
supply  circuit  further  includes  a  second  detection 
terminal  for  outputting  a  voltage  value  correspond- 
ing  to  said  voltage  value  supplied  from  said  high 
voltage  power  supply  circuit.  so 

said  transfer  roller  before  a  print  medium  is  in- 
troduced  into  said  electrophotographic  record- 
ing  apparatus; 
a  step  of  inserting  said  print  medium  between 
said  photosensitive  drum  and  said  transfer  roll- 
er; 
a  step  of  detecting  a  first  current  value  B1  at  a 
first  time  ((1)  in  Figure  14)  immediately  after 
said  print  medium  is  inserted  between  said  pho- 
tosensitive  drum  and  said  transfer  roller  and  a 
variation  A1  of  said  first  current  value  B1  which 
is  varied  during  a  very  short  period  of  time  close 
to  said  first  time  while  a  constant  voltage  Vo  is 
applied  to  said  transfer  roller; 
a  step  of  detecting  a  second  current  value  B2 
at  a  second  time  ((2)  in  Figure  14)  before  the 
variation  of  said  current  comes  to  an  end  after 
said  first  time  and  a  variation  A2  of  said  second 
current  value  B2  which  is  varied  during  a  very 
short  period  of  time  close  to  said  second  time; 
a  step  of  calculating  a  resistance  value  Rm  of 
said  print  medium  using  a  calculation  formula: 
Rm  =  {(B2/B1  )-1  }/{(A2/A1  )-(B2/V0)};  and  a  step 
of  applying  a  voltage  value  to  said  transfer  roll- 
er,  said  voltage  value  corresponding  to  a  com- 
bined  resistance  Rr+Rm  of  the  resistance  value 
of  said  transfer  roller  and  the  resistance  value 
of  said  print  medium. 

Patentanspriiche 

1.  Elektrophotographische  Aufzeichnungsvorrichtung 
mit  einer  lichtempfindlichen  Trommel  und  einer 
Ubertragungswalze,  die  sich  gegenuber  der  licht- 
empfindlichen  Trommel  befindet,  wobei  die  elektro- 
photographische  Aufzeichnungsvorrichtung  ferner 
enthalt: 

eine  Hochspannungs-Stromversorgungs- 
schaltung  zum  Anlegen  einer  Ubertragungs- 
spannung  an  die  Ubertragungswalze,  wobei 
die  Hochspannungs-Stromversorgungsschal- 
tung  einen  Transformator  (T1  ),  der  eine  Primar- 
wicklung  (L1  )  mit  einer  ersten  Anzahl  von  Win- 
dungen  und  eine  Sekundarwicklung  (L2)  mit  ei- 
ner  zweiten  Anzahl  von  Windungen,  die  groBer 
als  die  erste  Anzahl  von  Windungen  ist,  enthalt, 
eine  Kondensatoreinrichtung,  die  zur  Primar- 
wicklung  parallelgeschaltet  ist,  sowie  ein 
Schaltelement  (Tr1),  das  mit  der  Primarwick- 
lung  in  Serie  geschaltet  ist,  umfaBt;  und 
eine  Steuerschaltung,  die  so  beschaffen  ist, 
dal3  sie  Informationen  von  der  elektrophotogra- 
phischen  Aufzeichnungsvorrichtung  empfangt, 
die  Informationen  eines  Ausgangsstromwerts 
der  Hochspannungs-StromversorgungsSchal- 
tung  enthalten,  wobei  die  Informationen  dazu 

9.  A  method  of  transferring  toner  image  in  an  electro- 
photographic  recording  apparatus  which  includes  a 
photosensitive  drum  and  a  transfer  roller  confront- 
ing  the  photosensitive  drum,  said  method  compris-  ss 
ing: 

a  step  of  measuring  a  resistance  value  Rr  of 

a  smoothing  circuit  connected  to  said  second 
coil;  and  40 
a  first  detection  terminal  for  outputting  a  voltage 
value  in  response  to  a  current  value  supplied 
from  said  high  voltage  power  supply  circuit. 
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verwendet  werden,  einen  Widerstandswert  ei- 
nes  Druckmediums  zu  erhalten,  um  einen  von 
der  Hochspannungs-Stromversorgungsschal- 
tung  ausgegebenen  Spannungswert  zu  steu- 
ern;  s 
wobei  die  Steuerschaltung  einen  Wert,  der  ei- 
nem  an  die  Ubertragungswalze  angelegten 
Spannungswert  entspricht,  auf  der  Grundlage 
eines  Werts  berechnet,  der  entsprechend  ei- 
nem  Widerstandswert  der  Ubertragungswalze  10 
und  einem  Widerstandswert  eines  Druckmedi- 
ums  verandert  wird,  und  auf  der  Grundlage  des 
berechneten  Werts  ein  Steuersignal  zum  Steu- 
ern  des  Spannungswerts,  der  von  der  Hoch- 
spannungs-Stromversorgungsschaltung  aus-  15 
gegeben  wird,  ausgibt. 

Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  1  ,  bei  der  die  Steuerschaltung  fer- 
ner  einen  Ausgang  eines  Mediumsensors  empfangt  20 
und  auf  der  Grundlage  eines  Ausgangs  des  Medi- 
umsensors  eine  Breite  des  Druckmediums  berech- 
net  und  auf  der  Grundlage  der  Breite  des  Druckme- 
diums  einen  Wert,  der  sich  als  Antwort  auf  den  Wi- 
derstandswert  der  Ubertragungswalze  und  auf  den  25 
Widerstandswert  des  Druckmediums  verandert,  so- 
wie  einen  Wert  berechnet,  der  dem  an  die  Ubertra- 
gungswalze  anzulegenden  Spannungswert  ent- 
spricht. 

30 
Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  1  ,  bei  derdie  Steuerschaltung  einen 
eingestellten  Wert  einer  Bedienungskonsole  emp- 
fangt  und  auf  der  Grundlage  des  eingestellten 
Werts  der  Bedienungskonsole  einen  Wert,  der  ent-  35 
sprechend  dem  Widerstandswert  der  Ubertra- 
gungswalze  und  dem  Widerstandswert  des  Medi- 
ums  veranderlich  ist,  und  auBerdem  einen  Wert,  der 
dem  an  die  Ubertragungswalze  anzulegenden 
Spannungswert  entspricht,  berechnet.  40 

Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  1,  bei  der  die  elektrophotographi- 
sche  Aufzeichnungsvorrichtung  eine  Speichervor- 
richtung  enthalt,  die  darin  Informationen  zum  Be-  45 
treiben  der  Steuerschaltung  speichert,  und  bei  der 
die  Steuerschaltung  eine  Formel  zum  Berechnen 
des  Werts  von  der  Speichervorrichtung  Nest  und 
den  Wert  auf  der  Grundlage  der  Formel  berechnet. 

50 
Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  1,  bei  der  die  elektrophotographi- 
sche  Aufzeichnungsvorrichtung  eine  Speichervor- 
richtung  enthalt,  die  darin  Informationen  zum  Be- 
treiben  der  Steuerschaltung  speichert,  und  bei  der  55 
die  Steuerschaltung  den  Wert  unter  Bezugnahme 
auf  eine  Berechnungstabelle,  die  in  der  Speicher- 
vorrichtung  gespeichert  ist,  berechnet. 

6.  Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  1  ,  bei  der  die  Steuerschaltung  einen 
Impulsbreitenmodulationssignal-Generator  zum 
Ausgeben  des  Steuersignals  an  die  Hochspan- 
nungs-Stromversorgungsschaltung  enthalt,  um  ei- 
ne  Spannung  der  Hochspannungs-Stromversor- 
gungsschaltung  auf  der  Grundlage  der  Impulsbreite 
des  Steuersignals  zu  steuern. 

7.  Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  6,  bei  der  die  Hochspannungs- 
Stromversorgungsschaltung  ferner  enthalt: 

eine  Glattungsschaltung,  die  an  die  Sekundar- 
wicklung  angeschlossen  ist;  und 
einen  ersten  ErfassungsanschluB  zum  Ausge- 
ben  eines  Spannungswerts  als  Antwort  auf  ei- 
nen  Stromwert,  der  von  der  Hochspannungs- 
Stromversorgungsschaltung  geliefert  wird. 

8.  Elektrophotographische  Aufzeichnungsvorrichtung 
nach  Anspruch  7,  bei  der  die  Hochspannungs- 
Stromversorgungsschaltung  ferner  einen  zweiten 
ErfassungsanschluB  enthalt  zum  Ausgeben  eines 
Spannungswerts,  der  dem  von  der  Hochspan- 
nungs-Stromversorgungsschaltung  gelieferten 
Spannungswert  entspricht. 

9.  Verfahren  zum  Ubertragen  eines  Tonerbildes  in  ei- 
ner  elektrophotographischen  Aufzeichnungsvor- 
richtung,  die  eine  lichtempfindliche  Trommel  und  ei- 
ne  Ubertragungswalze  enthalt,  die  sich  gegenuber 
der  lichtempfindlichen  Trommel  befindet,  wobei  das 
Verfahren  enthalt: 

einen  Schritt  zum  Messen  eines  Widerstands- 
werts  Rr  der  Ubertragungswalze  vor  der  Ein- 
fuhrung  eines  Druckmediums  in  die  elektropho- 
tographische  Aufzeichnungsvorrichtung; 
einen  Schritt  des  Einschiebens  des  Druckme- 
diums  zwischen  die  lichtempfindliche  Trommel 
und  die  Ubertragungswalze; 
einen  Schritt  des  Erfassens  eines  ersten 
Stromwerts  B1  zu  einem  ersten  Zeitpunkt  ((1) 
in  Fig.  14)  unmittelbar  nach  dem  Einschieben 
des  Druckmediums  zwischen  die  lichtempfind- 
liche  Trommel  und  die  Ubertragungswalze  so- 
wie  einer  Veranderung  A1  des  ersten  Strom- 
werts  B-,,  der  wahrend  einer  sehr  kurzen  Zeit- 
periode  in  der  Nahe  des  ersten  Zeitpunkts  ver- 
andert  wird,  wahrend  an  die  Ubertragungswal- 
ze  eine  konstante  Spannung  V0  angelegt  wird; 
einen  Schritt  des  Erfassens  eines  zweiten 
Stromwerts  B2  zu  einem  zweiten  Zeitpunkt  ((2) 
in  Fig.  14),  bevor  die  Veranderung  des  Stroms 
nach  dem  ersten  Zeitpunkt  endet,  und  einer 
Veranderung  A2  des  zweiten  Stromwerts  B2, 
der  wahrend  einer  sehr  kurzen  Zeitperiode  in 

11 



21 EP  0  647  889  B1 22 

der  Nahe  des  zweiten  Zeitpunkts  verandert 
wird; 
einen  Schritt  des  Berechnens  eines  Wider- 
standswerts  Rm  des  Druckmediums  unter  Ver- 
wendung  der  Berechnungsformel:  Rm  =  {(Bo/ 
B^-IJ/UAo/^MBo/Vo)};  und 
einen  Schritt  des  Anlegens  eines  Spannungs- 
werts  an  die  Ubertragungswalze,  wobei  der 
Spannungswert  einem  kombinierten  Wider- 
stand  Rr  +  Rm  des  Widerstandswerts  der  Uber- 
tragungswalze  und  des  Widerstandswerts  des 
Druckmediums  entspricht. 

Revendications 

1.  Appareil  d'enregistrement  electrophotographique 
incluant  un  tambour  photosensible  et  un  rouleau  de 
transfert  faisant  face  audit  tambour  photosensible, 
ledit  appareil  d'enregistrement  electrophotographi- 
que  comprenant  en  outre  : 

un  circuit  d'alimentation  a  haute  tension  destine 
a  appliquer  une  tension  de  transfert  audit  rou- 
leau  de  transfert,  ledit  circuit  d'alimentation  a 
haute  tension  incluant  un  transformateur  (T1) 
qui  contient  un  enroulement  primaire  (L1  )  avec 
un  premier  nombre  de  tours  et  un  enroulement 
secondaire  (L2)  avec  un  second  nombre  de 
tours  plus  grand  que  le  premier  nombre  de 
tours,  un  moyen  formant  condensateur  con- 
nects  en  parallele  a  I'enroulement  primaire  et 
un  element  (Tr1)  de  commutation  connecte  en 
serie  a  I'enroulement  primaire  ;  et 
un  circuit  de  commande  agence  pour  recevoir 
de  I'information  dudit  appareil  d'enregistrement 
electrophotographique,  y  compris  de  I'informa- 
tion  d'une  valeur  de  courant  de  sortie  dudit  cir- 
cuit  d'alimentation  a  haute  tension,  laquelle  in- 
formation  sert  a  obtenir  une  valeur  de  resistan- 
ce  d'un  support  d'impression  pour  commander 
une  valeur  de  tension  sortie  dudit  circuit  d'ali- 
mentation  a  haute  tension  ; 
dans  lequel  ledit  circuit  de  commande  calcule 
une  valeur  correspondant  a  une  valeur  de  ten- 
sion  a  appliquer  audit  rouleau  de  transfert,  en 
se  basant  sur  une  valeur  qui  varie  en  corres- 
pondence  avec  une  valeur  de  resistance  dudit 
rouleau  de  transfert  et  une  valeur  de  resistance 
d'un  support  d'impression,  et  sort  un  signal  de 
commande  destine  a  commander  ladite  valeur 
de  tension  qui  est  delivree  par  ledit  circuit  d'ali- 
mentation  a  haute  tension  en  se  basant  sur  la 
valeur  calculee. 

2.  Appareil  d'enregistrement  electrophotographique 
selon  la  revendication  1  ,  dans  lequel  ledit  circuit  de 
commande  recoit  en  outre  une  sortie  d'un  capteur 

de  support  et  calcule  une  largeurdudit  support  d'im- 
pression  en  se  basant  sur  une  sortie  dudit  capteur 
de  support  et  calcule  une  valeur  qui  varie  en  repon- 
se  a  ladite  valeur  de  resistance  dudit  rouleau  de 

5  transfert  et  a  ladite  valeur  de  resistance  dudit  sup- 
port  d'impression  et  une  valeur  correspondant  a  la- 
dite  valeur  de  tension  a  appliquer  audit  rouleau  de 
transfert  en  se  basant  sur  la  largeur  dudit  support 
d'impression. 

10 
3.  Appareil  d'enregistrement  electrophotographique 

selon  la  revendication  1  ,  dans  lequel  ledit  circuit  de 
commande  recoit,  d'un  ecran  de  mise  en  oeuvre, 
une  valeur  fixee  et  calcule  une  valeur  qui  varie  en 

is  fonction  de  la  valeur  de  resistance  dudit  rouleau  de 
transfert  et  de  la  valeur  de  resistance  dudit  support, 
et  calcule  aussi  une  valeur  correspondant  a  ladite 
valeur  de  tension  a  appliquer  audit  rouleau  de  trans- 
fert  en  se  basant  sur  la  valeur  fixee  dudit  tableau 

20  de  mise  en  oeuvre. 

4.  Appareil  d'enregistrement  electrophotographique 
selon  la  revendication  1,  dans  lequel  ledit  appareil 
d'enregistrement  electrophotographique  comprend 

25  un  dispositif  de  memorisation  qui  memorise  de  Tin- 
formation  destinee  a  mettre  en  oeuvre  ledit  circuit 
de  commande,  et  dans  lequel  ledit  circuit  de  com- 
mande  lit,  dans  ledit  dispositif  de  memorisation,  une 
formule  destinee  a  calculer  ladite  valeur,  et  calcule 

30  ladite  valeur  en  se  basant  sur  ladite  formule. 

5.  Appareil  d'enregistrement  electrophotographique 
selon  la  revendication  1,  dans  lequel  ledit  appareil 
d'enregistrement  electrophotographique  comprend 

35  un  dispositif  de  memorisation  qui  memorise  de  Tin- 
formation  destinee  a  mettre  en  oeuvre  ledit  circuit 
de  commande,  et  dans  lequel  ledit  circuit  de  com- 
mande  calcule  ladite  valeur  en  se  referant  a  une  ta- 
ble  de  calcul  qui  est  memorisee  dans  ledit  dispositif 

40  de  memorisation. 

6.  Appareil  d'enregistrement  electrophotographique 
selon  la  revendication  1  ,  dans  lequel  ledit  circuit  de 
commande  contient  un  generateur  de  signaux  a 

45  modulation  de  largeur  d'impulsion  destine  a  sortir 
ledit  signal  de  commande  vers  ledit  circuit  d'alimen- 
tation  a  haute  tension  de  facon  a  commander  une 
tension  dudit  circuit  d'alimentation  a  haute  tension 
en  se  basant  sur  une  largeur  d'impulsion  dudit  si- 

50  gnal  de  commande. 

7.  Appareil  d'enregistrement  electrophotographique 
selon  la  revendication  6,  dans  lequel  ledit  circuit 
d'alimentation  a  haute  tension  comprend  en  outre  : 

55 
un  circuit  de  lissage  connecte  audit  second 
enroulement  ;  et 
une  premiere  borne  de  detection  destinee  a 

12 
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sortir  une  valeur  de  tension  en  reponse  a  une 
valeur  de  courant  delivree  par  ledit  circuit  d'ali- 
mentation  a  haute  tension. 

8.  Appareil  d'enregistrement  electrophotographique  s 
selon  la  revendication  7,  dans  lequel  ledit  circuit 
d'alimentation  a  haute  tension  comprend  en  outre 
une  seconde  borne  de  detection  destinee  a  sortir 
une  valeur  de  tension  correspondant  a  ladite  valeur 
de  tension  delivree  par  ledit  circuit  d'alimentation  a  10 
haute  tension. 

9.  Procede  de  transfert  d'une  image  en  toner  dans  un 
appareil  d'enregistrement  electrophotographique 
qui  comprend  un  tambour  photosensible  et  un  rou-  is 
leau  de  transfert  faisant  face  audit  tambour  photo- 
sensible,  ledit  procede  comprenant  : 

une  etape  de  mesure  d'une  valeur  de  resistan- 
ce  Rr  dudit  rouleau  de  transfert  avant  I'introduc-  20 
tion  d'un  support  d'impression  dans  ledit  appa- 
reil  d'enregistrement  electrophotographique  ; 
une  etape  d'introduction  dudit  support  d'im- 
pression  entre  ledit  tambour  photosensible  et 
ledit  rouleau  de  transfert  ;  25 
une  etape  de  detection  d'une  premiere  valeur 
de  courant  B1  a  un  premier  instant  ((1)  a  la  fi- 
gure  14)  immediatement  apres  I'introduction 
dudit  support  d'impression  entre  ledit  tambour 
photosensible  et  ledit  rouleau  de  transfert  et  30 
d'une  variation  A1  de  ladite  premiere  valeur  B1 
de  courant  qui  a  varie  pendant  une  periode  de 
temps  tres  courte  proche  dudit  premier  instant, 
pendant  que  Ton  applique  une  tension  constan- 
te  Vo  audit  rouleau  de  transfert  ;  35 
une  etape  de  detection  d'une  seconde  valeur 
B2  de  courant  a  un  second  instant  ((2)a  la  figu- 
re  14)  avant  que  la  variation  dudit  courant  pren- 
ne  fin  apres  ledit  premier  instant  et  d'une  varia- 
tion  A2  de  ladite  seconde  valeur  B2  de  courant  40 
qui  a  varie  pendant  une  periode  de  temps  tres 
courte  proche  dudit  second  instant  ; 
une  etape  de  calcul  d'une  valeur  Rm  de  resis- 
tance  dudit  support  d'impression  en  utilisant 
une  formule  de  calcul  :  Rm  =  {(B2/B1)  -  1}/{  45 
(A2/A1  )  -  (B2/VO)}  ;  et  une  etape  d'application 
d'une  valeur  de  tension  audit  rouleau  de  trans- 
fert,  ladite  valeur  de  tension  correspondant  a 
une  resistance  combinee  Rr+Rm  de  la  valeur 
de  resistance  dudit  rouleau  de  transfert  et  de  la  so 
valeur  de  resistance  dudit  support  d'impres- 
sion. 

55 
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